12 United States Patent

Kato et al.

US008922693B2

US 8,922,693 B2
Dec. 30, 2014

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(30)

Dec. 28, 2011

(1)

(52)

(58)

IMAGING APPARATUS CAPABLE OF
CONCURRENTLY SHOOTING IMAGE
DISPLAYED BY DISPLAY AND
DETERMINED SUB-AREA DESIGNATED IN
THE IMAGEL

Applicant: Olympus Imaging Corp., Shibuya-ku,
Tokyo (JP)

Shigeru Kato, Tachikawa (JP); Osamu
Nonaka, Sagamihara (JP)

Inventors:

Assignee: Olympus Imaging Corp., Tokyo (IP)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 69 days.

Notice:

Appl. No.: 13/728,627

Filed: Dec. 27, 2012

Prior Publication Data

US 2013/0169849 Al Jul. 4, 2013

Foreign Application Priority Data

0120 N 2011-289809

Int. CI.
HO4N 5/222
HO4N 5/232

U.S. CL
CPC e, HO4N 5/23293 (2013.01)

USPC ............ 348/333.01; 348/333.02; 348/333.03;
348/333.04

(2006.01)
(2006.01)

Field of Classification Search
None
See application file for complete search history.

100

101

(56) References Cited
U.S. PATENT DOCUMENTS

7,538,795 B2* 5/2009 Shibatani etal. ........ 348/208.16
2007/0014551 Al1* 1/2007 Fupsawaetal. ................ 396/20
2010/0053364 Al* 3/2010 Minoetal. ................. 348/222.1
2010/0086293 Al* 4/2010 Iwane .........occcooviviiiiinnn, 396/91
2011/0019058 Al1* 1/2011 Sakairetal. .............. 348/333.01
2011/0050972 Al1* 3/2011 Ishitsukaetal. ........ 348/333.01
2011/0157404 Al1* 6/2011 Shiohara .................... 348/222.1
2012/0120277 Al1*  5/2012 Tsal ...cooevvviniiiinnnnnnn, 348/223.1
2012/0188413 Al* 7/2012 Park ........ooooevveiiiinnil, 348/240.99
2012/0249818 Al* 10/2012 Asakuraetal. ............ 348/222.1
2014/0085525 Al1l* 3/2014 Ishiharaetal. ...... 348/333.02

FOREIGN PATENT DOCUMENTS

JP 05-252440 9/1993

* cited by examiner

Primary Examiner — Lin Ye
Assistant Examiner — John H Morehead, 111

(74) Attorney, Agent, or Firm — John C. Pokotylo; Straub &
Pokotylo

(57) ABSTRACT

An 1maging apparatus 1s capable of concurrently shooting an
image displayed by a display and a determined sub-area des-
ignated in the mmage. The imaging apparatus includes an
optical system that collects light from a subject for image
formation, an 1maging device that generates 1image data by
photoelectrically converting the light, a display that can dis-
play an 1mage corresponding to the image data, an input unat,
an eflective region determination unit that determines an
elfective region 1n which the determined sub-area can be set
through mput of a signal from the 1nput umt, based on char-
acteristic information of the optical system corresponding to
a shooting condition, and a display control unit that causes the
display to display information indicating the effective region
in accordance with a result of determination by the effective

region determination unit.

16 Claims, 11 Drawing Sheets
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FIG.2
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FIG.3
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FIG.7
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IMAGING APPARATUS CAPABLE OF
CONCURRENTLY SHOOTING IMAGEL
DISPLAYED BY DISPLAY AND
DETERMINED SUB-AREA DESIGNATED IN
THE IMAGE

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2011-289809,
filed on Dec. 28, 2011; the entire contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1imaging apparatus that
shoots an 1mage of a subject and generates 1image data of the
subject.

2. Description of the Related Art

There 1s conventionally known cameras capable of gener-
ating two different images from a shot 1mage and combining
these 1mages 1nto an 1mage on a single screen for display (for
example, see Japanese Laid-open Patent Publication No.
5-252440). With this technique, an 1mage signal of a first
region that 1s a partial region 1n the shot 1mage screen and an
image signal of a second region included in the first region are
extracted, and the image signal of the second region 1is
enlarged to the size of the region excluding the first region and
1s then combined with the image signal of the first region,

whereby an 1mage signal for display on a single screen 1s
generated.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided an imaging apparatus capable of concurrently
shooting an 1mage displayed by a display and a determined
sub-area designated in the image, the imaging apparatus
including: an optical system that collects light from a subject
for image formation; an 1imaging device that generates image
data by photoelectrically converting the light for image for-
mation collected by the optical system; a display that can
display an image corresponding to the image data; an 1mput
unit; an effective region determination unit that determines an
elfective region in which the determined sub-area can be set
through 1nput of a signal from the input unit, based on char-
acteristic information of the optical system corresponding to
a shooting condition; and a display control unit that causes the
display to display information indicating the effective region
in accordance with a result of determination by the effective
region determination unit.

The above and other features, advantages and technical and
industrial significance of this invention will be better under-
stood by reading the following detailed description of pres-
ently preferred embodiments of the invention, when consid-
ered 1n connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram 1llustrating a configuration of an
imaging apparatus according to an embodiment of the present
invention;

FIG. 2 1s a diagram 1llustrating an overview of a table for
multi-recording eflective region determination that 1s
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2

recorded by a main body of the imaging apparatus according
to the embodiment of the present invention;

FIG. 3 1s a diagram 1llustrating an overview of information
(first example) recorded by a lens unit of the 1maging appa-
ratus according to the embodiment of the present invention;

FI1G. 4 1s a diagram 1llustrating an overview of information
(second example) recorded by the lens unit of the imaging
apparatus according to the embodiment of the present mven-
tion;

FIG. 5 1s a timing chart i1llustrating an example of synchro-
nized communication between a controller and a lens con-
troller of the imaging apparatus according to the embodiment
of the present invention;

FIG. 6 1s a diagram 1illustrating features of a multi-record-
ing process performed by the imaging apparatus according to
the embodiment of the present invention;

FIG. 7 1s a flowchart illustrating an overview of a process
performed by the imaging apparatus according to the embodi-
ment of the present invention;

FIG. 8 1s a flowchart illustrating an overview of a multi-
recording effective region determination process performed
by the imaging apparatus according to the embodiment of the
present invention;

FIG. 9 1s a diagram 1llustrating a setting example of a cut
frame on the display;

FIG. 10 15 a flowchart 1llustrating an overview of a multi-
recording region setting process performed by the imaging
apparatus according to the embodiment of the present inven-
tion;

FIG. 11 1s a diagram schematically 1llustrating an overview
of a process performed by the imaging apparatus for shifting
a candidate region into an eflective region according to the
embodiment of the present invention;

FIG. 12 1s a diagram illustrating an overview of a process
performed by the 1imaging apparatus for cutting a predeter-
mined region including a face according to the embodiment
ol the present invention;

FIG. 13 1s a diagram 1illustrating another setting example of
a cut frame on the display; and

FI1G. 14 1s a flowchart illustrating an overview of a process

in a case where the 1maging apparatus shoots motion images
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, a mode for carrying out the present inven-
tion (heremafter, referred to as an “embodiment™) will be
described with reference to the appended drawings.

FIG. 1 1s a block diagram illustrating a configuration of an
imaging apparatus 1 according to an embodiment of the
present invention. The imaging apparatus 1 1llustrated 1in FIG.
1 1s a lens interchangeable 1maging apparatus including a
main body 2 and a lens unit 3 (interchangeable lens) remov-
ably attached to the main body 2. An accessory 4 can also be
removably attached to the main body 2 of the 1maging appa-
ratus 1.

The main body 2 includes a shutter 10, a shutter driver 11,
an 1maging device 12, an imaging device driver 13, a signal
processor 14, an analog/digital (A/D) converter 15, an image
processor 16, an auto exposure (AE) processor 17, an auto
focus (AF) processor 18, an image compressor/expander 19,
an mput unit 20, a display 21, a display driver 22, a recording
medium 23, a memory interface (I/F) 24, a Synchronous
Dynamic Random Access Memory (SDRAM) 25, a Flash

memory 26, a main body communication unit 27, a second
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communication unit 28, and a controller 29. Data 1in the main
body 2 1s transterred through a bus 2B.

The shutter 10 sets the imaging device 12 to an exposure
state or a light blocking state. The shutter driver 11 1s config-
ured using, for example, a stepping motor to drive the shutter
10 1n response to an instruction signal mnput from the control-
ler 29.

The imaging device 12 is configured using, for example, a
Charge Coupled Device (CCD) or a Complementary Metal
Oxide Semiconductor (CMOS) to receive light collected by
the lens unit 3 and convert the recerved light into an electrical
signal. The 1maging device driver 13 causes the imaging
device 12 to output image data (analog signal) to the signal
processor 14 at a predetermined timing. In this sense, the
imaging device driver 13 functions as an electronic shutter.

The signal processor 14 performs analog processing on the
analog signal mput from the imaging device 12 and outputs
the processed signal to the A/D converter 15. Specifically, the
signal processor 14 performs a noise reduction process, a
gain-up process, etc. on the analog signal. For example, the
signal processor 14 performs wavelorm shaping on the ana-
log signal after reducing reset noise and then performs gain-
up to achieve the intended brightness.

The A/D converter 15 generates digital image data by per-
forming A/D conversion on the analog signal input from the
signal processor 14 and outputs the generated 1image data to
the SDRAM 25.

The 1mage processor 16 acquires image data from the
SDRAM 235 and performs a variety of 1mage processing on
the acquired 1image data (RAW data) to generate processed
image data. The processed image data 1s output to the
SDRAM 25.

The 1image processor 16 has a cut processing unit 161 for
determining a determined sub-area (cut region) in a display
image based on a signal input from the mput unit 20. The
image processor 16 performs basic image processing on the
image data, at least including an optical black subtraction
process, a white balance (WB) adjustment process, 1f the
imaging device 1s in Bayer arrangement, an image data syn-
chronization process, a color matrix operation process, a
gamma correction process, a color reproduction process, and
an edge enhancement process.

The AE processor 17 acquires image data recorded on the
SDRAM 23 and sets exposure conditions for still image
shooting or movie shooting, based on the acquired image
data. Specifically, the AE processor 17 performs automatic
exposure of the imaging apparatus 1 by calculating lumi-
nance from the image data and determining, for example, a
setting value of diaphragm value (F-number) and a shutter
speed based on the calculated luminance.

The AF processor 18 acquires image data recorded on the
SDRAM 235 and adjusts the auto focus of the imaging appa-
ratus 1 based on the acquired image data. For example, the AF
processor 18 adjusts the auto focus of the 1maging apparatus
1 by extracting a signal of high frequency components from
the image data and performing an Auto Focus (AF) operation
process (also called a contrast AF process) on the signal of
high frequency components to determine focusing evaluation
of the imaging apparatus 1.

The 1mage compressor/expander 19 acquires 1image data
from the SDRAM 25, compresses the acquired image data 1n
a predetermined format, and outputs the compressed image
data to the SDRAM 25. Here, examples of the predetermined
format include Joint Photographic Experts Group (JPEG),
Motion JPEG, and MP4 (H.264). The image compressor/
expander 19 also acquires 1image data (compressed image
data) recorded on the recording medium 23 through the bus
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2B and the memory I/'F 24 and expands the acquired image
data for output to the SDRAM 25. In place of the recording
medium 23, a storage may be provided 1n the mside of the
imaging apparatus 1.

The mput unit 20 1s provided to overlay a display screen of
the display 21 and has a touch panel 201 for accepting input
of a signal 1n accordance with a position of touch from the
outside. The mput unit 20 1s implemented using a user nter-
face including the touch panel 201 for operation signal input.
The input unit 20 1n this manner includes a release button for
accepting input of a shooting signal during still image shoot-
ing, an operation button for switching a variety of settings, a
menu button for causing the display 21 to display a vaniety of
settings of the 1maging apparatus 1, and a movie button for
giving an instruction to shoot movies, for example.

The display 21 1s configured using, for example, a display
panel formed of liquid crystal or organic Electro Lumines-
cence (EL). The display driver 22 acquires image data stored
in the SDRAM 25 or image data stored in the recording
medium 23 and causes the display 21 to display an image
corresponding to the acquired image data. Here, display of
images includes REC view display of displaying image data
for a predetermined time (for example, three seconds) 1mme-
diately after shooting, playback display of playing back
image data recorded on the recording medium 23, and live
view display of successively displaying live view images in
time sequence in accordance with image data successively
generated by the imaging device 12. The display 21 also
displays operation information of the imaging apparatus 1
and information concerning shooting, as appropriate.

The recording medium 23 i1s configured using, for
example, a memory card attached from the outside of the
imaging apparatus 1. The recording medium 23 1s removably
attached to the imaging apparatus 1 through the memory I/F
24. A reader/writer adapted to the kind of the recording
medium 23 writes image data processed by the image proces-
sor 16 and the image compressor/expander 19 into the record-
ing medium 23 and reads out image data recorded on the
recording medium 23. The recording medium 23 may output
an 1maging program and a variety of information to the Flash
memory 26 through the memory I/F 24 and the bus 2B.

The SDRAM 25 1s configured using a volatile memory.
The SDRAM 25 has a function as a primary storage for
temporarily storing 1mage data iput from the A/D converter
15 through the bus 2B, the processed image data input from
the 1mage processor 16, and mformation being processed in
the imaging apparatus 1. For example, the SDRAM 23 tem-
porarily stores 1image data successively output frame by frame
by the imaging device 12 through the signal processor 14, the
A/D converter 15, and the bus 2B.

The Flash memory 26 i1s configured using a nonvolatile
memory. The Flash memory 26 has a program recording unit
261, a table recording unit 262, and a feature information
recording unit 263. The program recording unit 261 records a
variety of programs for operating the imaging apparatus 1, an
imaging program and a variety of data to be used during
execution of the program, and a variety of parameters neces-
sary for the operation of 1image processing by the image
processor 16.

The table recording unit 262 records a table for providing
reference imformation for determining an effective region in
which multi-recording (MR) can be executed 1n accordance
with a focal length and a diaphragm created using informa-
tion recerved from the lens unit 3.

FIG. 2 1s a diagram 1illustrating an overview of the table
recorded by the table recording unit 262. The table Tb 1llus-
trated 1 FIG. 2 provides an image height of an effective
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region 1n accordance with a diaphragm value and a focal
length. For example, an effective region 1n a case where a
diaphragm 1s F2.8 and a focal length 1s 28 millimeters has an
image height ot 0.8 (the distance from the center of the screen
1s 80% of the distance to the diagonal end). An effective
region 1n a case where a diaphragm 1s F2.8 and a focal length
1s 58 millimeters has an 1mage height of 1.0, that 1s, full-
screen.

In general, the characteristics of a lens depend on shooting
conditions such as the focal length and the diaphragm, and are
not always good on the periphery of the screen. Specifically,
in circumstances in which the optical performance on the
periphery 1s degraded, a multi-recording effective region 1s
displayed to the user such that this degraded region 1s not used
as a candidate region to be selected for multi-recording (here-
inafter, simply referred to as a candidate region). The table Tb
1s referred to by the imaging apparatus 1 (more specifically,
an effective region determination unit 292 described later) 1in
order to determine an MR effective region that 1s an effective
region 1 which a determined sub-area to be cut (extracted)
from an 1image can be set. Although FIG. 2 provides a table for
determining an eflective region 1n accordance with a focal
length and a diaphragm, a table may be created such that the
distance to the subject 1s included into the conditions.

The feature information recording unit 263 records feature
information in the selected candidate region. In a case where
aperson’s face 1s included 1n the candidate region, the feature
information 1s feature information of the face (for example,
the positions and sizes of eyes, mouth, nose, and eyebrows).
I a person’s face 1s not included 1n the candidate region, the
feature information 1s information of a characteristic color
included in the candidate region.

The main body communication unit 27 1s a commumnication
interface for communicating with the lens unit 3 attached to
the main body 2. The main body communication unit 27 also
includes an electrical contact with the lens unit 3.

The second communication unit 28 1s an 1interface for com-
municating with the accessory 4 attached to the main body 2.
The second communication unit 28 also includes an electrical
contact with the accessory 4. FI1G. 1 1llustrates a case where an
clectronic viewlinder 1s attached as the accessory 4. The
accessory 4 therefore has a communication unit 41 serving as
a communication interface with the main body 2 and an
ocular display 42 for displaying image information recerved
through the communication unit 41. An accessory other than
an electronic viewlinder can also be attached to the main body
2. Examples of the accessory include an electronic flash for
projecting supplementary light.

The controller 29 1s configured using, for example, a cen-
tral processing unit (CPU). The controller 29 has a face detec-
tion unit 291 for detecting a person’s face included 1n the shot
image, an effective region determination unit 292 for deter-
mimng an MR effective region 1n the screen by referring to
the table recorded by the table recording unit 262, a touch
detection unit 293 for detecting a touch position i accor-
dance with a signal recetved from the touch panel 201, and a
C
t

1splay control unit 294 for controlling a display manner of
ne display 21. The controller 29 centrally controls the opera-
tion of the imaging apparatus 1 by sending a control signal
and various data to each unit that constitutes the 1imaging
apparatus 1 through the bus 2B.

The effective region determination unit 292 generates ref-
erence information for determining an MR effective region
based on the lens characteristic information (the characteris-
tic information of an optical system 31) recerved from the lens
unit 3 and writes the reference information as a table into the
table recording unit 262 for recording.
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When a signal to start a shooting operation is input from the
input unit 20, the controller 29 performs control to start a
shooting operation. Here, the shooting operation refers to an
operation performed by the signal processor 14, the A/D
converter 15, and the image processor 16 on the image data
output by the imaging device 12 driven by the shutter driver
11 and the imaging device driver 13. The processed image
data 1n this manner 1s compressed 1n a predetermined format
by the image compressor/expander 19 under the control of the
controller 29 and 1s recorded on the recording medium 23
through the bus 2B and the memory I'F 24. Besides the
recording medium 23, a predetermined recording region may
be reserved 1n the inside of the imaging apparatus 1, and the
compressed 1mage data may be stored in this recording
region.

The main body 2 having the configuration described above
may be further provided, for example, with an audio mnput/
output unit, a supplementary light emission unit for emitting
supplementary light (flash) to a subject, and a communication
unit having a function for interactive communication with an
external device via the Internet.

Next, a configuration of the lens unit 3 will be described.
The lens unit 3 includes an optical system 31, a lens driver 32,
a diaphragm 33, a diaphragm driver 34, a lens operating unit
35, a lens Flash memory 36, a lens communication unit 37,
and a lens controller 38.

The optical system 31 1s configured using one or more
lenses. The optical system 31 collects light from a predeter-
mined field of view. The optical system 31 has an optical
zoom function of changing an angle of view and a focus
function of changing a focal point.

The lens driver 32 1s configured using, for example, a DC
motor or a stepping motor to change a focus position and an
angle of view of the optical system 31 by moving the lens of
the optical system 31 on an optical axis L.

The diaphragm 33 adjusts exposure by limiting the quan-
tity of incident light collected by the optical system 31.

The diaphragm driver 34 1s configured using, for example,
a stepping motor to drive the diaphragm 33.

The lens operating unit 35 1s, for example, a ring provided
to surround a lens barrel of the lens unit 3 and accepts input of
an operation signal to start the operation of optical zoom 1n
the lens unit 3, or input of an instruction signal to adjust a
focus position 1n the lens unit 3. The lens operating unit 35
may be, for example, a push-type switch.

The lens Flash memory 36 has a lens characteristic infor-
mation recording umt 361 for recording information about
the optical characteristics of the optical system 31. The lens
Flash memory 36 records a control program and a variety of
parameters for determiming the position and motion of the
optical system 31.

FIG. 3 and FIG. 4 are diagrams schematically illustrating
an overview ol information recorded by the lens characteris-
tic information recording unit 361. The lens characteristic
information recording unit 361 records mformation about a
modulation transter function (hereinafter, referred to as
“MTEF”) as an optical characteristic. Specifically, the lens
characteristic information recording unit 361 records the rela-
tion between the MTF and the image height in accordance
with a focal length and a diaphragm. It 1s noted that the
relation illustrated in FIG. 3 and FIG. 4 1s given only by way
of example.

FIG. 3 1llustrates the relation 1n a case where the diaphragm
1s F2.8, and FIG. 4 1llustrates the relation 1n a case where the
diaphragm 1s F5.6. In FIG. 3, curves C,, C,, and C, give the
relation between the MTF and the image height in the cases
where focal lengths are 14 millimeters, 25 millimeters, and 42
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millimeters, respectively. In FIG. 4, curves C,, C., and C,
give the relation between the MTF and the image height in the
cases where the focal lengths are 14 millimeters, 25 millime-
ters, and 42 millimeters, respectively.

First, the case where the diaphragm 1s F2.8 will be specifi-
cally described.

With the focal length of 14 millimeters (curve C,), the
MTF 1s 90% when the image height 1s 0, the MTF 1s 80%
when the image height 1s 0.1 d, the MTF 1s 65% when the
image height1s 0.2 d, the MTF 1s 50% when the image height
1s 0.3 d, the MTF 1s 30% when the image height 1s 0.4 d, and
the MTF 1s 15% when the image height 1s 0.5 d (diagonal
end).

With the focal length of 25 millimeters (curve C,), the
MTF 1s 90% when the image height 1s 0, the MTF 1s 80%
when the image height 1s 0.1 d, the MTF 1s 70% when the
image height1s 0.2 d, the MTF 1s 60% when the 1image height
1s 0.3 d, the MTF 1s 50% when the image height 1s 0.4 d, and
the MTF 1s 35% when the image height 1s 0.5 d (diagonal
end).

With the focal length of 42 millimeters (curve C,), the
MTF 1s 90% when the image height 1s 0, the MTF 1s 85%
when the image height 1s 0.1 d, the MTF 1s 80% when the
image height1s 0.2 d, the MTF 1s 75% when the image height
1s 0.3 d, the MTF 1s 70% when the image height 1s 0.4 d, and
the MTF 1s 65% when the image height 1s 0.5 d (diagonal
end).

Next, the case where the diaphragm 1s F5.6 will be specifi-
cally described.

With the focal length of 14 millimeters (curve C,), the
MTF 1s 95% when the image height 1s 0, the MTF 1s 85%
when the image height 1s 0.1 d, the MTF 1s 75% when the
image height1s 0.2 d, the MTF 1s 60% when the 1image height
1s 0.3 d, the MTF 1s 45% when the image height 1s 0.4 d, and
the MTF 1s 30% when the image height 1s 0.5 d (diagonal
end).

With the focal length of 25 millimeters (curve C.), the
MTF 1s 95% when the image height 1s 0, the MTF 1s 85%
when the image height 1s 0.1 d, the MTF 1s 75% when the
image height1s 0.2 d, the MTF 1s 65% when the image height
1s 0.3 d, the MTF 1s 55% when the image height 1s 0.4 d, and
the MTF 1s 45% when the image height 1s 0.5 d (diagonal
end).

With the focal length of 42 millimeters (curve C;), the
MTF 1s 95% when the image height 1s 0, the MTF 1s 90%
when the image height 1s 0.1 d, the MTF 1s 85% when the
image height1s 0.2 d, the MTF 1s 80% when the image height
1s 0.3 d, the MTF 1s 75% when the image height 1s 0.4 d, and
the MTF 1s 70% when the image height 1s 0.5 d (diagonal
end).

In FIG. 3 and FIG. 4, threshold values Thl and Th2 are
threshold values for determining an effective region when the
number of recording pixels 1s 16 megapixels and 9 megapix-
cls, respectively. The region where the threshold value 1s
exceeded 1s determined as an effective region. In general, the
greater the number of recording pixels 1s, the greater the
threshold value of M'TF 1s. This 1s because the threshold value
of MTF has a correlation with a Nyquist frequency deter-
mined 1n accordance with the number of recording pixels.

In the present embodiment, 1t 1s assumed that, only one of
the sagittal direction and the meridional direction of a spot
image formed through the optical system 31 whose perfor-
mance variation 1s greater 1s recorded by the lens character-
istic information recording umt 361. The characteristics of
both directions may, however, be recorded.

The lens communication umt 37 1s a communication inter-
face for communicating with the main body communication
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unit 27 of the main body 2 when the lens unit 3 1s attached to
the main body 2. The lens communication umt 37 also
includes an electrical contact with the main body 2.

The lens controller 38 1s configured using, for example, a
central processing unit (CPU). The lens controller 38 controls
the operation of the lens unmit 3 1n response to an operation
signal of the lens operating unit 35 or an instruction signal
from the main body 2. The lens controller 38 operates 1n
cooperation with the main body 2 by transmitting/receiving a
lens commumnication signal to/from the controller 29 of the
main body 2 at predetermined intervals. Specifically, the lens
controller 38 drives the lens driver 32 in response to an opera-
tion signal of the lens operating unit 35 included in the lens
communication signal to perform focusing of the lens unit 3
and a zoom change, and also drives the diaphragm driver 34 to
change a diaphragm value. With the lens unit 3 attached to the
main body 2, the lens controller 38 transmits the lens charac-
teristic information, the focus position mnformation, the focal
length, and unique information for identitying the lens unit 3,
for example, to the main body 2.

FIG. 5 1s a timing chart 1llustrating an example of synchro-
nized communication between the controller 29 and the lens
controller 38. A first line (a) indicates processing 1nside the
main body 2. A second line (b) indicates a vertical synchro-
nizing signal. A third line (¢) indicates the timing of 1maging
and reading. A fourth line (d) indicates lens communication.
A fifth line (e) indicates a lens communication synchronizing
signal. A sixth line () indicates a lens position acquisition
signal. A seventh (last) line (g) indicates processing inside the
lens unit 3.

First, the controller 29 causes the 1image processor 16 to
execute 1mage processing of a live view 1mage and calcula-
tion of an AF evaluation value using the image data acquired
in the previous frame and transmits a lens status data request
command for acquiring lens status data to the lens controller
38 (B1, BL). Here, the controller 29 transmits a synchroniz-
ing signal for lens communication and a lens position acqui-
sition signal to specily a timing to acquire the positional
information of the optical system 31, at the same cycle as the
vertical synchronizing signal during the synchronized com-
munication mode. This lens position acquisition signal 1s a
signal whose state changes when half the accumulation time
at the center of the 1maging device 12 has elapsed as 1n the
third line (¢) 1n FIG. 5.

The lens controller 38 acquires the positional information
of the optical system 31 at a timing when the state of the lens
position acquisition signal changes, and detects the operating
state of the lens operating unit 33 at a reception timing of the
lens communication synchronizing signal (LL1).

Then, the lens controller 38 transmits to the controller 29
the lens status data acquired at Step L1, including the posi-
tional information of the optical system 31 and the operating
state of the lens operating unit 35, as a response to the lens
status data request command recetved from the controller 29
(L2).

The controller 29 thereatter performs calculation of an AF
evaluation value and various setting changes including
changing the exposure value, based on the lens status data
sent from the lens controller 38 (B2).

FIG. 6 1s a diagram for explaining the features of the
multi-recording process performed by the 1imaging apparatus
1 having the configuration above. In FIG. 6, a live view 1image
100 1s displayed on the display 21. In this state, a cut frame
101 indicating the boundary of the MR elfective region 1s
displayed on the display 21. This cut frame 101 is set by
referring to the table Tb for effective region determination
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that 1s created based on the lens characteristic information
received by the main body 2 from the lens unit 3.

In FIG. 6, rectangular regions 102 and 103 are displayed.
These rectangular regions 102 and 103 are regions set by the
user touching the touch panel 201 on the display 21 as can-
didate regions (determined sub-areas). In this manner, 1n the
imaging apparatus 1, a plurality of candidate regions can be
selected from the entire 1mage, and the selected candidate
regions can be cut for multi-recording along with the entire
image. The rectangular regions 102 and 103 can be set by,
besides touching the touch panel 201, operating another
switch, button, or the like included 1n the mput unit 20.

FIG. 7 1s a flowchart 1llustrating an overview of a process
performed by the imaging apparatus 1. First, the controller 29
determines whether the main body 2 1s powered on (Step
S101). I the power 1s on (Yes at Step S101), the 1maging
apparatus 1 proceeds to Step S102. On the other hand, 11 the
power 1s not on (No at Step S101), the imaging apparatus 1
repeats Step S101.

The imaging apparatus 1 then performs start-up lens com-
munication between the main body 2 and the lens unit 3 (Step
S5102). In this lens communication, the lens unit 3 transmaits
the lens characteristic information to the main body 2.

Thereatfter, the effective region determination unit 292 cre-
ates a table (reference information) for effective region deter-
mination based on the lens characteristic information
received from the lens unit 3 (Step S103).

The controller 29 then determines whether the 1maging
apparatus 1 1s set to the shooting mode (Step S104). As a
result of the determination, 1f the shooting mode 1s set (Yes at
Step S104), lens communication 1s performed between the
main body 2 and the lens unit 3 (Step S105), and the AE
process by the AE processor 17 and the AF process by the AF
processor 18 are performed based on the communication
result (Step S106). The lens communication at Step S105 1s
performed, for example, as explained with reference to FIG.
5.

The 1maging apparatus 1 then performs MR effective
region determination (Step S107). FIG. 8 1s a flowchart illus-
trating an overview of the MR effective region determination
process performed by the imaging apparatus 1. First, the
elfective region determination unit 292 performs zoom deter-
mination (Step S201) and performs diaphragm determination
for still image shooting (Step S202).

The effective region determination unit 292 then refers to
the table recorded by the table recording unit 262 (Step S203)
and generates mformation of a cut frame to be cut as an
clfective region.

Thereafter, the cut processing unit 161 generates a cut
frame to be displayed 1n the 1mage based on the information
of a cut frame that 1s generated by the effective region deter-
mination umt 292 (Step S204). The MR eflective region
determination process thus ends.

After the MR effective region determination process at
Step S107, the display control unit 294 perfonns control to
cause the dlsplay 21 to display the live view 1image and the
MR ettective region (Step S108). FIG. 9 1s a diagram 1llus-
trating an example of display of a cut frame. A cut frame F 1s
shaped such that a circle having an 1mage height D 1s cut on
the screen on the display 21. The image height D 1s, for
example, provided by the table Tb 1llustrated in FIG. 2 and
determined 1n accordance with the diaphragm value and the
focal length. In a case where a combination of a diaphragm
value and a focal length 1s not provided in the table Tb, the
image height may be determined by linear interpolation using
an approximate value, or the image height may be determined
using the closest value 1n the table Tb.
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Then, 1f an 1maging parameter 1s changed through the input
umt 20 (Yes at Step S109), the controller 29 changes the
parameter (Step S110) and proceeds to Step S111. If an
imaging parameter 1s not changed at Step S109 (No at Step
S109), the imaging apparatus 1 directly proceeds to Step
S111.

At Step S111, 11 MR operation 1s not being performed (No
at Step S111), the 1maging apparatus 1 performs an MR
region setting process (Step S112).

FIG. 10 1s a flowchart 1llustrating an overview of the MR
region setting process. First, 1f the touch detection unit 293
detects a touch input operation on the touch panel 201 (Yes at
Step S301), the display control unit 294 causes the display 21
to display a candidate region (Step S302).

Thereatter, 1f the touch position 1s not outside the effective
region (No at Step S303), 1f the vicinity of the effective region
1s 1ncluded 1n the candidate region (Yes at Step S304), the
display control unmit 294 shifts the candidate region to the
inside of the eflective region for display (Step S305). Move-
ment may be restricted so that the candidate region 1s dis-
played within the effective region, rather than Shlftlllg the
candidate region 1nto the nside of the effective region.

FIG. 11 1s a diagram schematically 1llustrating an overview
of the shift process at Step S3035. In FIG. 11, the touch posi-
tion of an mitial candidate region 301 1s included in the
elfective region (the mside of the cut frame F) but the upper
right portion thereof partially extends into the neighboring
region outside the cut frame F. A new candidate region 302 1s
therefore displayed such that the candidate region as a whole
1s shifted leftward to be entirely included within the effective
region.

After Step S305, 1f the face detection unit 291 detects a face
within the candidate region (Yes at Step S306), the features of
the detected face are recorded in the Flash memory 26 (Step
S307). Here, the feature data of the face 1s information, for
example, about the height and width of the face, the positions
of the eyes, mouth, nose, and eyebrows.

The cut processing unit 161 then cuts a predetermined
region including the face (Step S308). FIG. 12 1s a diagram
illustrating a cut example of a predetermined region including
the face. In FIG. 12, cutting 1s performed with a predeter-
mined aspect ratio on the basis of the height H of a face 402
of a subject 401. Specifically, the cut processing unit 161 cuts
an 1mage that includes a part below the face 402 with a height
equal to the height H of the face 402 serving as a basis and
extends upward and downward by a value K determined
based on the height of the face 402.

Thereatter, the 1maging apparatus 1 starts following the
teature portion in the candidate region designated through the
MR operation (Step S309). Specifically, if the face 1s included
in the candidate region, the face 1s followed.

Thereafter, 1f the touch detection unit 293 detects a slide
operation on the touch panel 201 (Yes at Step S310), the
display control unit 294 causes the display 21 to redisplay a
candidate region in accordance with the slide end position
(Step S311). On the other hand, 1f the touch detection unit 293
does not detect a slide operation on the touch panel 201 (No
at Step S310), the imaging apparatus 1 terminates the MR
region setting process.

At Step S303, if the touch position 1s outside the effective
region ( Yes at Step S303), the display control unit 294 causes
the display 21 to display a warning (Step S312). The warning
here 1s, for example, a message “Outside the Effective
Region. Designate Again.”

After Step S312, the controller 29 records a feature color of
the touched region (Step S313). The feature color here may
be, for example, the color of the largest area 1n the touch
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region. The imaging apparatus 1 therealiter proceeds to Step
S309. Inthis case, at Step S309, the imaging apparatus 1 starts
following a portion having the feature color as a feature
portion.

At Step S304, if the vicinity of the effective region 1s not
included 1n the candidate region (No at Step S304), the 1imag-
ing apparatus 1 proceeds to Step S306.

At Step S306, 1f no face exists in the candidate region (No
at Step S306), the controller 29 records the feature color of the
touched region (Step S314). The processing here 1s similar to
that of Step S313 described above.

After Step S314, the cut processing unit 161 performs a
process of cutting a predetermined region including the fea-
ture color (Step S315). Specifically, the cut processing unit
161 performs cutting with a predetermined aspect ratio such
that the feature color portion 1s located at the center of the
screen. The imaging apparatus 1 thereaiter proceeds to Step
S309. The feature portion 1n this case 1s the portion having the
teature color.

After the MR region setting process at Step S112 as
described above, the controller 29 follows the feature portion
(Step S113). The feature portion here 1s a face or a feature
color portion as explained 1n the MR region setting process. If
MR operatlon 1S bemg performed at Step S111 (Yes at Step
S111), the imaging apparatus 1 directly proceeds to Step
S113.

Then, 11 a shooting operation 1s performed (Yes at Step
S114), the controller 29 performs control to set a diaphragm
value determined based on the process at Steps S106 to S112
(Step S115). The imaging apparatus 1 then shoots an 1mage
and records the shot image 1nto the recording medium 23
(Step S116).

After Step S116, 11 an operation to turn off the power 1s
performed (Yes at Step S117), the imaging apparatus 1 ter-
minates a series of processing. On the other hand, if an opera-
tion to turn off the power 1s not performed (No at Step S117),
the 1maging apparatus 1 returns to Step S104.

Next, the case where the controller 29 determines that the
shooting mode 1s not set at Step S104 will be described (No at
Step S104). In this case, when a playback mode 1s set (Yes at
Step S118), the display control unit 294 plays back a prede-
termined 1mage (Step S119).

Thereafter, 1 an instruction to change the playback image
1s input through the mput unit 20 (Yes at Step S120), the
display control unit 294 changes the image according to the
change instruction and plays back the changed image (Step
S121). On the other hand, if an instruction to change the
playback image 1s not input through the input unit 20 (No at
Step S120), the imaging apparatus 1 proceeds to Step S117.

If the playback mode 1s not set at Step S118 (No at Step
S118), the imaging apparatus 1 proceeds to Step S117.

In the flowchart 1llustrated 1n FIG. 7, the lens unit 3 trans-
mits the lens characteristic information to the main body 2
during start-up lens communication after the power 1s turned
on. The transmission timing for the lens unit 3 to transmit the
lens characteristic information to the main body 2 1s, how-
ever, not limited thereto. For example, the transmission tim-
ing may be at lens communication immediately after the
shooting mode 1s entered.

Alternatively, the main body 2 may transmuit a transmission
request for the lens characteristic information to the lens unit
3 immediately after touch operation 1s performed for select-
ing the MR effective region, and the lens umit 3 may transmuit
the lens characteristic information 1n response.

The embodiment of the present invention as described
above 1ncludes the effective region determination unit for
determining an efiective region 1n which a determined sub-
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area can be set through mput of a signal from the input unit,
based on the characteristic information of the optical system
in accordance with the shooting conditions, and the display
control unit for causing the display to display information
indicating the boundary of the effective region 1n accordance
with the result of determination by the elffective region deter-
mination unit. The user can therefore set a determined sub-
area based on the characteristic information of the optical
system. Accordingly, a plurality of images with excellent
image quality can be generated from one 1mage 1rrespective
of the shooting conditions.

Although a mode for carrying out the invention has been
described so far, the present invention should not be limited
only by the foregoing embodiment. For example, as a modi-
fication of the embodiment, an MTF performance polynomial
may be provided as the lens characteristic information. The
MTF performance polynomial 1s given by the following
equation:

MTF=Fx+F>x°+ . . . +B v+By°+ . .. +C

where x 15 a focal length and v 1s a diaphragm (F-number).
Here, . ..” following F_x” represents a third or higher degree
term of x, and *“ . . . ” following B,y~ represents a third or
higher degree term of y. In this case, the lens unit 3 transmits
the coetlicient of the MTF polynomial to the main body 2.
The main body 2 creates a table for MR elifective region
setting based on the coellicient of the MTF polynomial
received from the lens unit 3.

As a modification of the embodiment, the table for etffec-
tive region determination (the table Tb 1illustrated 1n FIG. 2)
may be recorded 1n the lens unit 3, and when the lens unit 3 1s
attached to the main body 2, the table may be transmitted to
the main body 2.

As a further modification of the embodiment, quantities
other than MTF, such as image distortion characteristic infor-
mation, may be applied as the lens characteristic information.
Specifically, an error (the amount of aberration, spot size) 1n
consideration of the reference wavelength and other wave-
lengths may be applied, or the resolution (spatial frequency)
in accordance with the number of pixels and the lens pertor-
mance may be applied.

The shape of the cut frame 1ndicating the boundary of the
MR eflective reglon 1s not limited to the one 1illustrated in
FIG. 9. FIG. 13 1s a diagram illustrating another setting
example of the cut frame. In the case 1llustrated in FI1G. 13, a
rectangular cut frame F2 inscribed in a circle Cir whose radius
1s the 1mage height defined by the table recorded by the table
recording unit 262 1s displayed on the display 21. The infor-
mation 1ndicating the boundary of the MR eflective region,
such as a cut frame, 1s displayed as necessary and 1s not
necessarily displayed all the time.

The embodiment of the present invention 1s applicable not
only to still image shooting but also to movie shooting. FIG.
14 1s a flowchart 1llustrating an overview of a process of the
imaging apparatus in the case of movie shooting. In FIG. 14,
the process at Steps S401 to S413 corresponds to the process
1llustrated at Steps S101 to S113 1llustrated 1n FIG. 7, respec-
tively. The process following Step S413 will be described
below.

At Step S414, 11 movie shooting 1s 1n progress (Yes at Step
S414), the 1maging apparatus 1 proceeds to Step S417
described later. On the other hand, 1 movie shooting 1s not 1n
progress (No at Step S414), the imaging apparatus 1 proceeds
to Step S413.

At Step S415, 1 a movie shooting operation 1s input (Yes at
S415), the imaging apparatus 1 starts movie shooting (Step
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S5416). On the other hand, 1f a movie shooting operation 1s not
input (No at Step S415), the imaging apparatus 1 returns to
Step S404.

After Step S416, 11 a movie end operation 1s input (Yes at
Step S417), the imaging apparatus 1 records the shot movie
(Step S418). On the other hand, if a movie end operation 1s not
input (No at Step S417), the imaging apparatus 1 returns to
Step 5404,

Steps S419 to S423 correspond to the process at Steps S117
to S121 illustrated with reference to FI1G. 7, respectively.

As a modification of the embodiment, the main body and
the lens unit may be integrally formed.

The 1imaging apparatus according to the present invention
can be applied not only to a digital single-lens reflex camera
but also to, for example, a digital camera to which an acces-
sory or the like can be attached, a digital camcorder, a mobile
phone having a shooting function, and electronic equipment
such as a tablet-type portable equipment.

In the explanation of the flowcharts in this specification, the
time sequence of the steps 1n the process 1s explicitly illus-
trated using such expressions as “first,” “thereafter,” and
“then.” The order of the process necessary to carry out the
invention 1s, however, not uniquely determined by these
expressions. In other words, the order of the process 1n the
flowcharts described 1n this specification can be changed 1n a
range that does not cause any contradiction.

In this manner, the present invention may include various
embodiments not described here and 1s susceptible to various
design modifications within the scope of the technical con-
cept specified by the claims.

Note 1. An interchangeable lens for an 1maging apparatus
capable of concurrently shooting an 1image displayed by a
display and a determined sub-area designated in the 1image,
the 1maging apparatus including an imaging device that
generates 1mage data by photoelectrically converting light
for image formation by an optical system of the lens, and a
display that can display an image corresponding to the
image data, the interchangeable lens comprising;:

a transmission unit that transmits, to the imaging appara-
tus, characteristic information of the optical system for caus-
ing the display to display information indicating an effective
region of the cut when the lens 1s connected to the imaging
apparatus.

Note 2. An 1imaging apparatus capable of concurrently shoot-
ing an image displayed by a display and a determined
sub-area designated in the image, the 1maging apparatus
comprising:
an optical system that collects light from a subject for

image formation;

an 1maging device that generates image data by photoelec-
trically converting the light for image formation collected by
the optical system;

a display that can display an image corresponding to the
image data;

an effective region determination unit that determines an
elfective region that 1s capable of being cropped out 1n a
screen, based on 1mage distortion characteristic information
of the optical system; and

a display control unit that causes the display to display
information indicating the effective region 1 accordance
with a result of determination by the effective region deter-
mination unit.

Additional advantages and modifications will readily
occur to those skilled in the art. Theretore, the invention 1n its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
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departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. An 1maging apparatus capable of concurrently shooting
an 1mage displayed by a display and a determined sub-area
designated 1n the 1mage, the 1maging apparatus comprising:

a) a lens using including,

an optical system that collects light from a subject for
image formation, and

a characteristic information recoding unit that records
characteristic information of the optical system in
accordance with a shooting condition; and

b) a main body including

an 1maging device that generates 1mage data by photo-
clectrically converting the light for 1image formation
collected by the optical system,

a display that can display an image corresponding to the
image data,

an 1put unit,

an effective region determination unit that determines an
elfective region 1in which the determined sub-area can
be set through 1nput of a signal from the mput unait,
based on characteristic information of the optical sys-
tem corresponding to a shooting condition, and

a display control unit that causes the display to display
information indicating the effective region in accor-
dance with a result of determination by the effective
region determination unit,

wherein the lens unit 1s capable of communicating with the

main body and being removably attached to the main
body,

wherein the effective region determination unit generates

reference information for determining the effective
region based on the characteristic information received
from the lens unit, and

wherein of the characteristic information, information that

1s capable of being used to generate the reference infor-
mation varies depending on the number of recording
pixels.

2. The imaging apparatus according to claim 1, wherein

the shooting condition includes a condition concerning a

focal length and a diaphragm, and

the characteristic information has a value corresponding to

a shot image height.

3. The imaging apparatus according to claim 2, wherein the
characteristic information 1s any of a modulation transfer
function, an error based on a wavelength, and a resolution.

4. The 1maging apparatus according to claim 1, wherein
when a part of the determined sub-area set through mput of
the signal from the 1nput unit is not included 1n the effective
region, the display control unit causes the display to display
the determined sub-area shifted on a screen or restricted in
movement so that the determined sub-area 1s entirely
included within the effective region.

5. The 1maging apparatus according to claim 1, wherein
when an input position of the signal from the mnput unit 1s
outside the effective region, the display control unit causes
the display to display a warning.

6. The imaging apparatus according to claim 1, wherein the
boundary of the effective region 1s determined by the refer-
ence information.

7. The 1maging apparatus according to claim 1, wherein
when a part of the determined sub-area set through mput of
the signal from the 1nput unit is not included 1n the effective
region, the display control unit causes the display to display
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the determined sub-area shifted on a screen so that the deter-
mined sub-area 1s entirely included within the effective
region.

8. The 1maging apparatus according to claim 1, wherein
when an input position of the signal from the mnput unit 1s
outside the effective region, the display control unit causes
the display to display a warning.

9. A lens imterchangeable 1imaging apparatus to which an
interchangeable lens i1s removably attached, the imaging
apparatus capable of concurrently shooting an image dis-
played by a display and a determined sub-area designated in
the 1mage, the lens interchangeable 1maging apparatus com-
prising:

an 1maging device that generates image data by photoelec-

trically converting light for image formation collected
by an optical system of the interchangeable lens;

a display that can display an image corresponding to the

image data;

an 1nput unit;

an eflective region determination unit that (1) acquires,

from a communication unit of the interchangeable lens,
characteristic mnformation of the optical system {for
determining an etfective region in which the determined
sub-area can be set through input of a signal from the
input unit, and (2) determines the effective region based
on the acquired characteristic information of the optical
system 1n accordance with a shooting condition; and

a display control unit that causes the display to display

information indicating the effective region in accor-
dance with a result of determination by the efiective
region determination unit.
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10. An 1imaging method capable of concurrently shooting
an 1mage displayed by a display and a determined sub-area
designated in the 1mage, the imaging method comprising the
steps of:

generating 1mage data by photoelectrically converting

light from an optical system that collects light from a
subject;

displaying an image corresponding to the image data;

determining an eflective region 1n which the determined

sub-area can be set through a user’s operation, based on
characteristic information of the optical system corre-
sponding to a shooting condition; and

causing the display to display information indicating the

elfective region 1n accordance with the effective region
determined by the act of determining an effective region.

11. The imaging apparatus according to claim 1, wherein
the effective region 1s smaller than the display.

12. The lens interchangeable imaging apparatus of claim 9,
wherein the effective region 1s smaller than the display.

13. The imaging method of claim 10, wherein the effective
region 1s smaller than the display.

14. The imaging apparatus according to claim 11, wherein
the determined sub-area 1s based on a user touch mmput any-
where on the display.

15. The lens interchangeable 1maging apparatus of claim
12, wherein the determined sub-area 1s based on a user touch
input anywhere on the display.

16. The imaging method of claim 13 wherein the deter-
mined sub-area 1s based on a user touch input anywhere on the
display.
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